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Redundant Information And Predictable Stock Price Returns
Abstract
How well do investors distinguish information that already is priced from genuinely novel and ex-
clusive private information? This paper examines whether investors misweight information that
already is in stock prices (“redundant information”) in making their trading decisions, and whether
this misweighting is associated with investors’ information processing frictions or behavioral biases. I
extend the Kyle (1985) model to allow for non-Bayesian updating and transaction costs. The model
predicts that price changes exhibit a state space process, in which the parameter for investors’ non-
Bayesian weighting of redundant information is estimable distinctly from information asymmetry
and transaction costs. Using this model, I estimate a firm-quarter measure of investors’ misweighting
of redundant information. I find that, on average, investors behave as if the information content in
the immediately prior price change is private information. This overweighting of redundant infor-
mation appears higher when investors have less time to process information, stock prices are less
informative, and industry-wide information is less costly to obtain. Overall, these results suggest
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??
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?? ???????? ??? ??? ?????? ????? ?? ??????? ? ????? ??? ??????? ??????? ???? ??? ????? ?? ??? ????????
?? ????????? ???????? ?????? ? ?????? ????? ???? ???? ??? ??? ????? ??? ??? ????? ?????? ?????????
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????? w? ??? ?????? ???? ???? ??????? ?? ????????? ?? ?????????? ??? ??????????????? ????? ?? ??? ?????
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???? ?????? ???? ?????????? ?? ??? ??????????????? ????? ?? ??? ???????? ??????? ??????? ??????? ???
??????????? ?? ? ??? ?????? ????? b? ?? ???? ?????? ????? s? ??? ??? ????? ?? ???? ?????? ?? ????? ?? 12 ?
??? ?????? ??? ??????????? ???? ????? ??? ?????? ?????????? ?? ????? ??????? ???? ??? ????? ??????
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????? ?? ???? ?????? ?????????? ?? ???????? ?????? ?????????? ?? ????? ???????
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b, b, s 1/8 ? −2w
b, s, b 1/8 −2w 2w
b, s, s 1/8 −2w 0
s, b, b 1/8 2w 0
s, b, s 1/8 2w −2w
s, s, b 1/8 0 2w
s, s, s 1/8 0 0
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?????? ??????????? ?? ????????? ?????? ??????? ?? ??????????? ?? ??????? ?????? ??? ?????? ???????
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?? ????? ???? ????????????? ?? ? ??????? ????????? ????????? ????? ???? ?????? ???????? ?????? ????
???????? ????????? ????? ????? ??????? ??? ?????????? ?????? ???? ????? ?? ??? ????????? ?????????
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??? ?????????? ????? ?????? ???????? ???????? ?????????? ???????? ?????? ??? ???????? ?????????? ??
????? ???????????? ?? ????????????
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??????? ?????? ??? ?????? ?????? ??????????? ???? ????????????? ???????????? ????? ??? ?????
??????????? ???????? ?? ?????????? ??????? ????? ?????? ???? ?????? ??????????? ?? ????????? ?????? ???
???? ??? ? ????? ?????? ??????????? ???????? ????????? ?? ??? ????????? ???? ???? ??????????? ?????????
?????? ?????? ??? ????? ?????? ?? ????? ??????? ???????????? ???? ???????? ?????? ?? ? ???????? ??
?????????? ???? ???? ?????? ??????????? ?? ????????????????????? ?????? ??? ??? ??????? ??? ??
??????? ??????????? ????? ?? ??????????? ???????? ?? ????? ????????
???? ?????????? ???? ?????
???? ?????? ??????? ? ????? ??? ??? ?? ??????????? ???? ??????? ??????? ????????? ????????? ????
??????? ? ?????? ???? ????????????? ????? ??????? ?????? ??? ????? ?????? ?? ???????? ??????????
??????? ?? ??????? ???????????? ??????????? ????? ??????? ?? ??? ??????? ??? ???????????? ????????
?? ????? ???????????? ??? ?????????? ????? ?? ??????? ? ???????? ???? ????? ??????? ?????? ? ??????
??????? ??????? ???? ? ????? ????????? ???? ??????? ???????? ?? ???????? ?? ??? ?????????? ?? ????
???? ?????? ????????
?????? ??? ??????? ?????? ????? ? ????? ????? ????? ?? ??? ???????? ??????? ? ?????? ?? ???
?????????? y1, . . . , yn ??? ?? ?????????? ?????? ?? ????? ??????? α1, . . . ,αn? ??? ????? ????? ???
???????????? ? ???? ?????? ?? ??? ???????? ?????
yt = Zαt + ϵt, t = 1, . . . , n ???????
????? yt ?? ? ?????? ?? ???????????? ?????? ??? ??????????? ??????? αt ?? ?? ?????????? ?????? ??????
??? ????? ??????? ??? ?????? Z ??????? ??? ????? ????? ?????? ?? ??? ??????????? ??????? ??? ϵt ?? ?
??????????? ????? ??? ????? ?????? ?? ??????? ?? ?????? ? ?????? ??????? ?? ??? ????
αt+1 = Tαt +Rηt ???????
????? ??? ???????? T ??? R ???????? ??? ?????????? ??????? ??? ??? ????? ?????? ??? ηt ?? ? ???????????
?????
??? ?????????? ????? ??????? ?? ??????? ? ???????? ???? ????? ???????? ∆Pt? ?????? ??? ???? ??????
???????
∆Pt = k1νt−1 − k1νt−2 + k2ηt−1 + k3ηt−2 + ηt ???????
??
?? ????? ??? ????? ???????? νt−1 ??????? ??? ???????
νt−1 = k4νt−2 + k5ηt−1 ???????
??? k1, . . . , k5 ??? ????????? ???? ???? ?? ??????? ?? ??????? ??
???? ????? ??? ?? ??????? ?? ? ????? ????? ?????? ??? ????? ?????? ??
αt =
[
νt−1 νt−2 ηt−1 ηt−2
]′
???????
??? ??????????? ???? ?? ??? ??????????? ???????? ?? ??? ???? ?? ??? ??????????? ???? ?? ??? ?????
????????? ????? ϵt = ηt? ??? ?????? ???????? ??? ????? ????? ?????? ?? ??? ??????????? ?????? ??
Z =
[
k1 −k1 k2 k3
]
???????










k4 0 0 0
1 0 0 0
0 0 0 0
















????? ??? ???????? ?????????? ??? ?????????? ??????? ??? ??? ????? ?????? ???
T =
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
k4 0 0 0
1 0 0 0
0 0 0 0






k5 0 1 0
]′
???????
??? ?????????? ????? ?????? ??? ??? ??????????? ???? ??? ???????? ?? ?????????? ??????? ?????? ????
??
????? ??? ??????????? ? ?????? ???? ??? ???????? ?? ??????? ??????? ? ??????????? ???????????????
??????????? ??????????????? ??????? ???????? ?????????? ?????? ??????? ??? ??????????????? ??????
?????? ??????????????? ??????? ???? ????? ?????? ?? ????? ???? ??????????? ????????? ?? ?? ??????????
?? ??? ??????? ??????????? ????????? ???? ????? ??????? ?????? ? ?????? ????????? εt? ?? ???????
???????????? ???????? ?? ??? ????????? ?????
εt ∼ N (0, ht) ????????









????? p ≥ 0? q > 0? α0 > 0? αs ≥ 0? βs ≥ 0? ??? ??? (εt, εs) ∀s ̸= t? ?? ?????? ????????????? ???
????? ?????? ???? α1 + β1 < 1? ??? ???????? ?????(p, q) ??????? ??? ??????? ?????? ?? ???
??????
? ?????? ???? ??? ????? ?????? ηt? ?????? ? ?????(1, 1) ????? ?? ??? ??????? ηt ∼ N (0, ht)?
????????? ?????????? ?????? ??? ?????? ??? ??????? ??????? ??? ?????????????? ???????? ??? ????
????? ???? ? ?????? ?? N ???????????? ??



























????? θ ?? ??? ????????? ????
????????? ??????? ?????????? ????????? ?? ??? ????????? ??? θ ????? ??? ?? ????????? ????????????
?????????? ?? ???????? ????????? ???????????? ?????????? ?????? ????????? ?? ??? ?????????? ???????
??? ?? ? ???????? ?? ??? ?????????????? ????? ??? ???????? ?? ??? ?????????????? ????????? ??? ? ????
?????? ?????? ???????? ?????? ??? ?????????????? ????????? ?? ??? ???? ?????? ?? ??? ????? ?? ?????
?? ??? ????????? ????? ?? ????????? ????????? ?? ?????????? ?? ??????????? ? ??????? ??????? ?????????
??? ?? ??? ???????? ??????? ????????? ???? ???????? ???????????? ?????????? ??? ???????? ?????????
????? ???????? ????????????? ?? ????????? ??????? ??????? ????????? ???? ??? ????? ?? ????????????
???? ???? ????????? ???? ????? ???? ??? ? ????????
?? ??? ??????????? ?????? ? ??? ???????? ???????????? ?????????? ??????? ? ???????? ??????? ?? ?
????? ??? ????????? ?????? ???????????? ? ??? ??? ???????????????? ???????? ????????? ????????
??
??????? ????? ???????????? ?? ????????? ?????????????? ??? ??????????? ???????????? ???????
??? ??? ???????????????????????????????? ?????????? ? ??? ???? ???????????? ?????? ?? ????
???? ?? ?????? ???????? ?????? ??? ???? ?????????? ???? ??? ?? ???? ?? ????????? ??????????? ?
?????? ??? ??? ?? ?????????? ???? ??? ??????? ?????????????? ??????
??
??????? ? ? ???? ????????
???? ?????????? ?????
?????? ?????
??? ????????? ????? ??????? ???? ?????? ?? ????? ??? ??? ??????????? ???? ???????? ????????? ????
?????? ????????? ???????????? ???????? ?????????? ????????? ???????? ? ?????? ?????? ??? ????????
???????????? ????? ? ??????? ????? ????? ??? ? ????????? ?????? ??? ????? ????? ??? ???????? ?????
V˜ =
∑T
t=1 v˜t? ????? v˜t ??? ????????????? ??????????? ?? N
(
0,σ2v,t
)?? ?? ??? ??? ?? ?????? T ? V
??????? ????????? ??? ???????? ????????? ??? ????????? ??????? ??? M ≥ 0 ???????? ???????????? ??????
?? ???? ?? ??????? t = 1, . . . , T ? ?? ????? ??? ????? ????? ???? ??? ?????? ??????
??? ?????? ????? ?????? ??? ?????? ?? ?????? ??? ????? ?????????? Dt? ???? ??? ?????????? ???
?????? ????? ?????? ??????????? ??? ??????? ?? ??? ???????? ????????? ?? ???????? ????????????
???? ??? ??????? ?? ????????? ???????? ???? ??? ??? ?????? ????? ???????? ??? ????? ????????? ??
?? ?????????? ??? ?????? ????? ???? ?????? Pt? ????????? ?? ??? ???????? ????? ?? ??? ????? ?????
??????????? ?? ??? ????? ?????????? ??? ??? ?? ?????? ???????????? ??????? Ht−1? ??? ? ???????
??????????? ????? ρ |Dt|? ????? ρ ≥ 0? ??? ????????? ρ ???????? ??? ?????? ??????? ????????? ?????
????? ?? ???????? ?? ?????? ???? ??? ??????? ?????????????? ??????????? ??? ????????? ?????????? ???
???? ????????? ??? ?????? ????? ?????? ???? ??????????? ???? ??????? ?? ????????? ?? ?????????? ???
????? ????? ?? ρDt ?? ??? ??? ?????? ?? ???????? ?? ???????? ??? ????? ????? ?? −ρDt ?? ??? ???
?????? ?? ????????? ???? ??????????? ???? ??????? ???? ?????? ?????????? ???? ?? ????? ?? ?????
???? ?????????? ???????? ??? ????? ???????














??????? ??? ???????? ????? ?? ??? ????? ????? ????? ??? ?????????
?????? ??????????? ?? ??? ??? ?? ?????? t? ?????? ??? ??????? ?? ??? ?????? ??? ?????? ???????????
??? ?? ??? ??? ?? ?????? t ????????? ??? ??????? ?? ????? ???? Ht = {D1, . . . , Dt}?
?????? ?????? ????? ??????????? ?????? ????????? ???? ????? ?????????????
??
?? ?? ??????????????? ??????? ??????? ????????? ?????? ??? ??????? ??????????? ??????? ?? ???? ??
??????????? ????????? ???? ????? ????????? ?????? ??????????? ?????? ????? ??????????? ??????? ?????
??????? ????????? ??? ????????? ???????????? ??????? ???? ???????? ??? ??? ???? ?????? ??????
??????????? ???? ??????????? ???? ????? ????? ??????????? ??????? ??? ??????? ???? ?? ????? ???????????
??????? ????? ?? ????????? ???? ?????? ???????????? ?? ?????? ??????? ??????????? ???? ?????
?????? ??????? ??? ???? ?? ??????????? ?????????? ?? ???????? ???? ???????? ????? ?????? ???????
???? ???? ????? ?? ??????? ?????? ??? ???? ????? ??? ??? ???? ??????? ? ??????? ?? ???????????
?? ????? ???? ???????? ????????? ????? ?????? ???? ??????????? ???? ?? ??????? ?????? ?? ????? ???
????????? ??????? ???? ??? ????? ?? ? ???? ? ????? ??????????? ???? ??????? ?? ?????? ?? ??????????
???????????? ??? ?????? ????????? ??????? ?? ???????? ????????????
??? ???????? ????????? ??? ???? ????????? ??? ???????? ???????? ?? ?????? t ??? ????? ?? ?????? t
????? ??? ???????? ???????? ?? ?????? t ???????? ??? ?????? ??????????? ???? Ht−1? ??? ?????? ???





??? ???????? ???????? ?? ?????? t ???? ???????? ? ??????? ??????? ??? ??????? ?????? ?????????
??????????? ??????? ??????????? ??? ????????? ????????????
st = vt + αut−1 ???????
????? ut−1 = ? [v˜t−1|Ht−1] ??????? ??? ??????????? ????? vt−1 ???? ??? ?????? ?? ?????? t− 1 ???
α ?? ?? ????????? ??????? ??? ??????????? ut−1 ?? ????????? ??????? ?? ?? ??????? ????? ????????
??? ?? ????????? ???? ?????? ???????? ut−1 ?? ?????????? ?? ??? ?????? ???? ?????????? ????? ?
??????????????? ??? ?? ???????? ??????????? ???? ??????? ?? ?????? ??? ???????
????? vt ?? ??????????? ?? ??? ????? ???????? ??? ???????? ???????? ??????? ?? ?????? ????????? ?? ???
???????? ???????? ?? ?????? t ??????? ??? ??????? ????????? ?? ??????? ????? ?? ????? ????????? ???














??? ??? ??????? ?????? ??? ????? ????? ??? ? ????? ??????????? ????? ?? ??? ??????????? ???? ??????????? ???
????????? ???? ?????????? ?? ???????? ????????? ???? ???? ??????? ??? ???? ??????? ???? ????? ?????? ????? ????????
?? ??? ??????????? ???? ??????????? ?? ? ??????? ?????? ????? ??????? ???????? ??????? ????? ??? ?? ???? ????????? ???
??? ???????? ??????? ?????? ????? ????????? ??????????? ???????? ????????? ???? ?????????? ??????? ???????? ??? ????????
??????? ????? ???? ??????? ??????? ??? ??????? ????? ??? ??????? ???????? ?? ???????? ??????? ??? ???????? ????????
??
???????? ??? ???????? ???????? ???? ?? ?? ??? ??????? ?????? ????????? ???? ??????? ???????????? ????
??? ?? ?? αut−1 ??? ??????? ???????????? ?? ?????????? ?? ???? ??? ??? ????????? ??????????? ????
??? ??????? ??????? ??? ???????? ???????? ?? ????? ??????? ??? ???? ?? ????? ????? ??? ??????





??? ????????? α ?????????? ??? ?????? ?? ????? ???????? ????????? ????????? ??? ????????? ???
????????? ??????? ?? ????? ??????? ???????? ?? ???????? ????????? ?????? ??? ????????? ???????????
?????????? α = 0? ?? ???????? ????????? ?????? ???? ????? ??????? ??????? ???? ???? ??????? ??????
?????? ??? ???? ????????? ??????????? ???? ??? ??????? ????? ????? α > 0? ?? ???????? ?????????
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?????? ????? ?????? ????????? ????????? ??????? ?? ????????? ??? ??????? ? ?????? ???? ?? ??????? ????????
?? ??? ????? ?? ? ????? ????? ? ????? ??????????? ?? ??? ????? ?? ? ????? ?????? ?????????? ????????
?????? ???????
??????? ??? ????? ???????????????? ?????? ??????? ??????????????? ??????? ?? ??????? ????
???????????? ????????? ?????? ????????????? ?????????? ?????????????? ??? ??? ??????? ????
?? ??? ???????? ?????? ?? ??? ?????? ?? ??? ?????????? ????? ??????? ??? ????
???? ??????????? ?????? ?? ??? ????? ?????? ?? ??????????? ????????? ?????? ???? ????????? ??????
?????? ??????? ???????? ??? ????????????? ???? ???? ?????? ????? ????? ??????? ??? ????????
?????? ??????? ?????? ??? ?????? ?????? ???????? ? ???????? ???????????? ??????????? ??????? ??
????? ??? ?????? ?? ??? ????? ????? ? ????? ????????? ?? ????? ?????? ?????? ? ???????? ??????
??????????? ???? ????? ?? ????????? ????????? ?????? ?????? ????? ?? ?????????? ?????? ????????? ???
?????????? ???????? ???????? ???????? ?????? ???? ????????? ????????? ?????? ????????? ?? ?????
?????? ?????????? ??????? ?? ??????????? ??? ??? ??????????? ?????? ??? ??? ??? ????? ????? ??
????????? ? ????????? ???? ??????????? ????? ????? ? ?????? ???????? ????????? ?? ??????????? ????? ?? ?? ?????????
???????? ???????? ????????? ???? ???????????? ????????????? ?? ????????? ???????????? ????? ??? ?????? ?????
???????? ??? ?????? ?? ?? ?????????? ???? ??? ??????? ????? ?? ???????? ?????????? ???????????? ????? ????? ???????
?? ?? ????????? ???? ?????? ??? ???? ???? α ?????????? ????????? ??? ??????? ???????????? ?? ????????? ???????????
?????? ???? ???????????
?????? ? ?? ??? ??????? ??? ??????? ???????? ?? ??? ???????? ????????? ??? ????? ?? ??????????? ???? ???? ???
???????? ???????? ????? ? ??????? ???? ?? ?????????? |α| ?? ???????? ???????? ???????????? ??????? ???? ?????? α ̸= 0?
??????? ? ????????? ???? ????????????
??
??? ????? ????? ?????? ?????? ????? ???????? ??????? ???? ????????????????? ??????? ??? ???? ?
???????? ?? ??????? ?? ????? ????????? ? ????? ????????? ?????? ?????? ?? ?? ???????? ?????????? ??
???????? ???? ??? ????????? ?????? ?? ?????? t ??????? ? ?????? ?????? ??????
z˜t = φzt−1 + ζ˜t ???????




? ζ˜t ??? ???????? ??????????? ??? ??????????? ?? v˜t? ??? φ ?? ?? ?????????
??????? ????? ?????????? ????????? ?????? ?????? ?? ??????????? ?? ??????????? ??????????? ?????
??? ?????????? ???? ????????? ?????? ?????? ?? ???????? ?????????? ???? ??? ????? ??? ????????? ??
?????? ????????????
??? ??????????? ?? ??? ?????? ??????? ??????????? ???? ??? ?????? ??????????? ???????? ????????
?????? ?? ??????????? ????????? ?????? ?????? ????? ?????? ? ????????? ?? ????? ? ???????? ????????
????? ???? ???????? ???????? ?????? ?? ??????? ???? ?? ?????? ???????????? ??? ??????????? ?? ?????
????? ?? ???? ?????? ???????? ???? ???????? ???????????? ????? ?? ??????? ?? ???? ??????? ? ??????
???? M ???????? ???????????? ??????????? ?? ???? ?????? ?? ??????? ??? ????????? ???????????? ????
???????????? ???????? ??????????? ?? ?????????? ??? ?? ??????? ???????????? ????? ??? ?????? ????? ???
???????? ????? ??? ??????? ? ?????? ?????? yt? ???? ??????????? ????? ???? ??? ???????? ????????
?? ???????????? ???????????? ??? ???? ?????? ?????????? ?? ????????? ?????? ??????? ??? ??? ??????
??????? ??????????? ???? ?????????? ?????????? ??? ???????? ???????? ??????????? ??? ?????????????
?????? ?? ???????? ??? ??? ??????? ????? ??? ???????? ???????? ??????? ?? ?? ??? ??????? ?????? ??
???????? ?? ?????? ??? ???????? ????????????? ?????? ?? ?????????? ??????????
?? ????? ??? ?????????????????? ?? ????? ????? ???????? ? ?????? ???? ??? ???????? ?? ????????? ?????
??? ??? ???????? ?? ??????? ??????????? ???? ???? ????? ????????? ?????? ?????????? ????????? ????
?????????? ??????? ?? ??? ??????? ???????? ?????????? ???? ???? ???? ?????? ???? ??? ? ???????? ??
??? ??????? ?????? ??? ?????????? ?? ??????? ????????? ? ???????? ??????? ?? ??? ???????? ?? ?????????
????? ??? ??? ???????? ?? ??????? ??????????? ????? ????????????? ?? ???? ??????????? ?????????
???????? ???? ????? ? ?????? ???? ??? ????? ?? ??? ???????? ?? ??????? ??????????? ?? ??? ???????? ??
????????? ????? ?? ???????? ???? ????? ?? ????????? ??????? ???? ??????? ?????????? ???? ??? ?????? ????
????? ??????? ???? ????? ?????? ?? ????? ???? ???? ????? ????????? ??????? ???? ??? ???????? ????????
????????? ???? ???? ?? ????? ???? ????????? ?? ??? ???????? ??????? ??? ?????????? ?????? ?? ? ???????
??????????? ????????? ?? ?????? ?? ?? ???????? ???? ????? ???? ????????? ?? ??????????? ?????????
?????? ???? ????? ???? ????????? ?? ???????? ???????? ?? ? ????????? ?????? ???? ?????????? ?????
??
?????? ??? ????? ?????? ?? ??? ?????? ?? ???????? ?? ????? ?????? ? ?????? ???? ????? ???????????




?? ???????? ???? ?????
?????? ??????????? ????????????????
? ????? ?? ????????? ??????????? ????? ??? ?????????? ?? ????? ????? ??? ???????? ?????? ??? ?? ???
????????? ?????? ?????? ?? ?? ? ???????? ???? ?????? ?????????? ? ???????? ????????? ?? ?????? ??????
??? ??????? ?????????? ????? ????????











???? ???????? ????????????? ?????? ????????






?? ??? ????????? ???????????? ??? ???????? ???????? ?? ?????? t ??????? ??? ??????? xt? ?? ????????









































???????????? ?? ???? ????????? ???????? ?????? ?????? ?? ??? ?????
xt =
1
2 (λd + ρ)
vt +
α− (λd + ρ)Mγu − λu
2 (λd + ρ)
ut−1
+
− (λd + ρ) (Mγφ + φ)− λφ
2 (λd + ρ)
? [z˜t−1|Ht−1] + 1− (λd + ρ)MγE − λE










2 (λd + ρ)
????????
κu =
α− (λd + ρ)Mγu − λu
2 (λd + ρ)
????????
κφ =
− (λd + ρ) (Mγφ + φ)− λφ
2 (λd + ρ)
????????
κE =
1− (λd + ρ)MγE − λE
2 (λd + ρ)
????????
????? v˜t ??? ? ???? ?? ????? κd ?? ??? ???????? ????????? ?? ?????????? ?????? ?? ???????? ????????
t?? ??????????? ?? vt? ??? ????????? κd ?? ??? ???????? ?????? ???????? ??? ? ???? ?????? ?????
???? ??????????? ?????? ??? ????????? κu ?? ???????? ???????? t?? ???????? ?? ??????????? ?????????
???????????? ??? ????????? κφ ?? ???????? ???????? t?? ???????? ?? ???????? ????????? ?????? ???
????????? κE ?? ???????? ???????? t?? ???????? ?? ??? ???? ?? V˜ ??????????? ?? ?????? ????????????
???????? ???????? ????????? ??????
?? ??? ????????? ???????????? ???? ???????? ???????????? j? ?? ?????? t ??????? ??? ?????? yj,t ??





















− (λd + ρ)
(




+ yj,t + (M − 1) y−j,t
)





????? y−j,t ??????? ??? ?????? ???? ???? ?? ??? ????????? M − 1 ????????? ???????? ?????????????
???????????? ?? ???? ????????? ???????? ?????? ?????? ?? ??? ?????
yt =− (λd + ρ)κu + λu
2 (λd + ρ)
ut−1 − (λd + ρ) (κφ + φ) + λφ
2 (λd + ρ)
? [z˜t−1|Ht−1]
+
1− (λd + ρ)κE − λE







(M − 1) y−j,t ????????
????? ??? ???????? ???????????? ??? ?????????? ???? ??????? ?????? ?? ??? ????
yt =− (λd + ρ)κu + λu
(M + 1) (λd + ρ)
ut−1 − (λd + ρ) (κφ + φ) + λφ
(M + 1) (λd + ρ)
? [z˜t−1|Ht−1]
+
1− (λd + ρ)κE − λE






?? ??????? ????? ?? ??? ????????? ???????????? ??? ?????????? ?? ??? ???????? ????????? ?????? ????????
???? ????????
γu = − (λd + ρ)κu + λu
(M + 1) (λd + ρ)
????????
γφ = − (λd + ρ) (κφ + φ) + λφ
(M + 1) (λd + ρ)
????????
γE =
1− (λd + ρ)κE − λE
(M + 1) (λd + ρ)
????????
??? ????????? γu ?? ???? ???????? ????????????? ???????? ?? ??? ???????? ?????????? ?????? ??? ??
??? ???????????? ?? ????????? ???????????? ??? ????????? γφ ?? ???? ???????? ????????????? ????????
?? ???????? ????????? ?????? ??? ????????? γE ?? ???? ???????? ????????????? ???????? ?? ??? ????
?? V˜ ??????????? ?? ?????? ????????????
??
???????? ?????? ??????? ???????





















??? ?????? ????? ???? ?????





































????? ???????? ?????????? ??? ??? ???????? ????????????? ?????? ?????? ?????????? ??? ?????????? ??








λu = −λd (κu +Mγu) ????????
??
λφ = −λd (κφ + φ+Mγφ) ????????
λE = 1− λd (κE +MγE) ????????
??? ????????? λd ?? ??? ???????? ????????????? ?????? ??????? ??? ????????? λu ?? ??? ??????
??????? ?????????? ?? ??? ?????? ??????? ?? ???????? ???????? t?? ???????????? ?? ????????? ???
?????????? ??? ????????? λφ ?? ??? ?????? ??????? ?????????? ?? ??? ?????? ??????? ?? ????????
????????? ?????? ??? ????????? λE ?? ??? ?????? ??????? ???????? ?? ??? ???? ?? V˜ ??????????? ??
?????? ????????????
?????? ???????????
?????????????? ? ????????? ??????????? ??????? ??????????? ??? ???
{λd,λu,λφ,λE ,κd,κu,κφ,κE , γu, γφ, γE}
???? ??????? ????????? ????????? ????????? ????????? ????????? ????????? ????????? ????????? ?????????
????????? ????????? ??? ????????? ??? ? ???????????? ?? ??? ??????????? ??????????? ?? V˜ ?? ? ?????
???? ?? ???? ???????? ??????????? ?? ????? ?? ?????? ?? ??????? ?????? ????????????? ??? ?????????
????????????
??????????? ?? ?? ????? ??????? ????? ?????? ? ?????? ??????????? ?? ??????
?? λd ?? ??? ?????? ???????? ?? λ3d + 2ρλ2d +
(
ρ2 − 14 σ¯
)
λd − 12 σ¯ρ = 0 ?? ????? λd > −ρ?
?? λu = −αλdλd+(M+2)ρ ?
?? λφ = −λd(λd+ρ)φλd+(M+2)ρ ? ????
?? λE = 1?




λd + (M + 2) ρ
ut−1 − (λd + ρ)φ




















σ¯ρ = 0 ????????
?? ????? λd > 0 ≥ −ρ?
???? ???????? ???????? ??????? ??? ?????? ????????? ???
xt =
1
2 (λd + ρ)
vt +
α (λd + (M + 1) ρ)
(λd + ρ) (λd + (M + 2) ρ)
ut−1 − φρ
λd + (M + 2) ρ
? [z˜t−1|Ht−1] ????????
???? ???????? ??????????? ???? ??????? ??? ?????? ????????? ???
yt = − αρ
(λd + ρ) (λd + (M + 2) ρ)
ut−1 − φρ
λd + (M + 2) ρ
? [z˜t−1|Ht−1] ????????





= ? [x˜t +My˜t + z˜t|Ht−1]
=
α
λd + (M + 2) ρ
ut−1 +
(λd + ρ)φ
λd + (M + 2) ρ
? [z˜t−1|Ht−1] ????????
?? ???? ?? ???????? ????????? ????? ?? ?????? t ????????? ??? ?????? ?? ?????????? ?????? ?? ???
???????? ????? ?? ?????? ??? ???????? ????? ?? ??? ????? ????? ??? ?????????? ????????? ???????????? ???
??? ??????????? ????? ?? ???? ?? ???????? ???????? ??? ???????? ?? ?????? ?? ??? ????? ???????? ????
??? ??????????? ?? ??? ???????? ????? ?? ??? ????? ????? ?? ??? ?????? ?????? ?????? ??????? ????????
?? ??????????? ????????? ????????? ??? ??????? ?? ??????????? ????? ????????? ???? ??? ∂λd∂σ¯ > 0 ???
∂λd
∂ρ < 0? ?????? ?????? ?? ?????????? ?? ??????????? ????? ??????? ??? ?????? ????? ?????????? ????
???????? ????????? ?????? ?? ????? ???? ???? ?????? ?????????????? ??????????? ?????? ?? ???????????
????? ???? ????? ???????? ????????? ???????? ????????? ??????????? ??????? ??? ????????? ????????
?????? ??? ??????????? ?? ???? ?????? ? ????? ?? ρ = 0 ? α = 0? ??? φ = 0 ? ???? ??????????? ?????
????? ??? ??????? ???? ?????? ????????????? ??????
??????? ?? ????????? ??????????? ????? ?? ??????????? ??? ??????? ?? ???? ?? ???????? ?????????
???? α > 0? ???????? ???????? ?????? ??????? ?? ??? ???? ????????? ?? ??? ????? ??? ??????? ????
α < 0? ???????? ???????? ?????? ????????? ???????? ????? ??? ??????? ??? ?????? ????? ??????????
??
???????? ?????????? ???????????? ?? ????????? ???????????? ????? ??? ????????? λu = − αλdλd+(M+2)ρ ?
??? ?????? ????? ????? ??? ??? ???????? ??????? ?? ?????? ??? ?? ??????? ?? ????????? ??????
??????? ??????? ?? ????????? ??????????? ???? ??? ????? ??? ?????? ??????? ??????????? ?? ???
????? ?? ??? ????? ????? ??????? ??? ?????? ????? ????? ??? ????????? ??????????? ???????? ???
???????????? ?? ????????? ??????????? ???? ???? ??? ????? ??????????? ?????????? ????? ∂λd∂α = 0?
????????????? ??????? ?? ????????? ??????????? ?????? ?????? ??????? ??? ?????? ????? ??????
??????? ??? ??????? ????? ?? ???? ????? ???? ???????????? ??? ?????? ????? ??????? ??? ???????
???????? ????? ?? ρ αλd+(M+2)ρut−1? ?? ??????????? ????? ???? ????? ????? ρ = 0? ??????? ?? ?????????
??????????? ????? ????? ??? ??????? ??? ????? ??? ????? ??????? ??? ????? ?????? ?? ???????
?? ????????? ??????????? ????????? ?? ????????? ?? ??????????? ????? ???????? ??? ?? ???????????
????????? ??????????
?????????? ??????????? ????????? ?????? ?????? ???? ????? ?? ??????????? ??? ????? ???? ?? ???? ??
???????? ????????? ???? φ > 0? ???????? ????????? ????? ??????? ?? ??? ???? ????????? ?? ??? ?????
????????? ?????? ??????? ???? φ < 0? ???????? ????????? ????? ????????? ???????? ????? ?????????
?????? ??????? ??? ?????? ????? ????? ??? ??? ???????? ??????? ?? ??? ????? ??? ??? ?? ????????
????????? ????? ????? ??? ????????? λφ = − φλd(λd+ρ)λd+(M+2)ρ ? ???????? ????????? ????? ???? ??? ????? ???
?????? ??????? ??????????? ?? ??? ????? ?? ??? ????? ????? ??? ???? ??? ????? ??????????? ??????????
????????????? ???????? ????????? ????? ?????? ?????? ??????? ??? ?????? ????? ?????? ??????? ???
??????? ????? ?? ???? ????? ???? ???????????? ??? ?????? ????? ??????? ??? ??????????????? ????? ??
ρ (λd+ρ)φλd+(M+2)ρ? [z˜t−1|Ht−1]? ??? ????? ?????? ?? ???????? ????????? ????? ????????? ?? ????????? ??
??????????? ????? ?? ??????????? ????????? ??????????
??? ???????? ???????????? ??????? ??? ?? ??? ?????????? ??? ????? ?????? ?? ??????? ?? ?????????
??????????? ??? ???????? ????????? ??????? ?? M ?? ?????? ??? ???????? ???????????? ??? ???? ???????
????????????? ??? ????? ??? ?????????? ????????? ???????? ?????? ???? ???????? ????????? ???
????????? ???????? ?? M → ∞? ??? ???????? ????????????? ?????? ??????? ???????? ??? ??????
???? ???????? ????????? ??? ????????? ???????? ??? ???? ?????? ?? ????? ??????? ????? ???????? ???
??????? ???? ρ > 0? α = 0? ??? φ = 0?
??
?????? ???? ?????? ?????????? ?? ????? ???????
?? ???????? ???????? ?????????? ???????????? ?? ????????? ???????????? ??? α ?????????? ? ?????
??? ???? ?????? ?? ????? ???????? ??? ηt ?????? ??? ????? ?????? ?? ?????????? ??????? ?????









vt + (λd + ρ) ζt ????????
?? ??????????? ηt ??? ??????????? ??? ???????? ??????????? ?????? ????????? ???? ????? ????? ??
???? ??? ????????? ????? ?? 14σ2v,t + (λd + ρ)2 σ2ζ,t?














??? ????? ?????? ?? ?????? t ??????? ??? ??????????? ??????? ?? ??? ??? ?????? ?? t ??? ??? ??????
?????? ????? ?? ??? ?????? ?? t ??? t− 1? ?? ????????






























λd + (M + 2) ρ
ut−1 +
(λd + ρ)φ









λd + (M + 2) ρ
ut−2 +
(λd + ρ)φ




































λd + (M + 2) ρ













λd + (M + 2) ρ
)
ηt−2 ????????
?????? ???????? ??? ??????? ?? ????? ???? Ht−1? ?????? ???????????? ??????? ???? ????????? ??????
??
?? ??? ????? ?????? ???





























νt ≡ (λd + ρ)? [z˜t|Ht] ????????
???
ψ ≡ ρ/λd ????????
??????????? ???????? ???????? ?? λd + ρ? ?????? ????????????? ?????? ????? ??? ????? ?????? ??
????????? ?????? ?? ??? ????? ?????? ??? ?? ??????? ??
νt−1 = φνt−2 +
1 + 2ψ
2 (1 + ψ)
ηt−1 ????????
????????? ????????? ????????? ????????? ??? ????????? ????? ?????? ?? ?????? t ??? ?? ??????? ??
∆Pt = ηt +
φψ














1 + (M + 2)ψ
)
ηt−2 ????????
????? ∆νt−1 = νt−1 − νt−2?
???????? ???????? ????? ???? ????? ??????? ??????? ?? ?????? ??????? ??????? ???? ??????? ?? ?
????? ????????? ∆νt−1? ?? ??? ?????? ????? ??? ???? ??????????? ?????? ????? ????? ????? ??? ????????
????? ?? ??? ????? ????? ?? ????? ????? ?? ?????? ??? ????? ??????? ????? ?????? ? ?????? ????? ????




∀t? ??? ∆Pt = ηt? ?? ??? ?????? ????? ??? ???????? ??????????? ?????
??? ??? ???????? ????????? ?????? ????????? ??????????? ????????? ??? ????????? ????? ?????? ??
??????????? ?? ????? ??????? ?????? ????? ?? ???? ?????????? ?? ?? ???? ??????? ?? ????? ?????? ??
ρ > 0? α = 0? ??? φ = 0? ??? ??????????? ???? ??????? ?? ????? ???????? ψ1+ψηt? ????? ?????? ???????
?? ??? ?????????? ???????
??
?? ??????????? ????? ??? ????????? ρ > 0? ????? ??????? ????? ??????? ???????? ?? ???? ??????????
????????? ?? ???????? ?????????? ???????????? ?? ????????? ??????????? ??? ??? ?????????? ??
????????? ?????? ??????? ???????????? ??? ??? ???? ??? ?????? ?????? νt−1 ?????? ??? ???? ?????? ??
????? ??????? ??? ?? ??????? ??






)− (1 + (M + 2)ψ))ψ
(1 + ψ) (1 + (M + 2)ψ)
ηt−1
+
(−α+ φ (φ− 1) ( 12 + ψ))ψ
(1 + ψ) (1 + (M + 2)ψ)
ηt−2 +
φ2 (φ− 1)ψ
1 + (M + 2)ψ
νt−3 ????????
???????? ???????? ????? ???? ??? ??????? ?????? ????? ?????? ??? ??????? ? ???????? ??????????? ????
??? ????? ?????? ?????????? ????? ?????? ?? ??????????? ????? ??? ???????? ??? ???????? ??????????
???????????? ?? ????????? ??????????? ?? ?????????? ????????? ???? ??? ??? (∆Pt, ηt−1|Ht−2) > 0 ??
ψ > 0 ??? α+φ ( 12 + ψ) > 1+(M + 2)ψ? ?? α = 0? ??? (∆Pt, ηt−1|Ht−2) > 0 ?? φ > 1+(M+2)ψ1
2+ψ
? ????
?????????? ?????? ????? ???????? ??????? ψ ≥ 0? M ≥ 0? ??? |φ| ≤ 1 ?? ???? ????????? ?????? ??????
?????? ???? ???????????? ????? ???? ??? ????????????? ?? ????????? ??????????? ?? ????????
????????? ??? ???? ???? ?? ???????? ?? ??????? ?? ???? ?????????? ??????
???????? ???????? ??????? ????? ???? ??? ??????? ?????? ????? ?????? ???????? ? ???????? ???????
????? ???? ??? ?????????? ????? ?????? ??? ??????? ????? ?? ??????????? ????? ??? ???????? ???
φ (φ− 1) ( 12 + ψ) > α? ??? ???????? ??? (∆Pt, ηt−2|Ht−3) > 0 ?? α < 0 ??? φ < 0? ??? ??????? ???
???? ????? ?????? ???????? ? ???????? ??????????? ???? ??? ?????????? ????? ?????? ??? ??????? ?????
?? ??????????? ????? ??? ???????? ??? φ (φ− 1) ( 12 + ψ) < α? ??? ???????? ??? (∆Pt, ηt−2|Ht−3) < 0
?? α > 0 ??? φ > 0? ???? ?????? ???????? ???? ????????? ???????? ?? ??????? ?????? ???? ???? ????
???? ????? ???? ??????? ?? ??? ???? ??????? ????????? ?? ??????? ?? ??? ?????????? ?????
??? ? ????? ????? ?? α ??? φ? ??? ?????????? ?? ???????? ??? ???? ????????? ?? ????? ??????? ???
?????????? ?? ??? ????? ?? ??????????? ????? ?? ??????????? ?????????? ψ? ???? ?????? ???????? ????
????????? ???????? ???? ???????? ?? ????? ????? ??????? ??????? ??????? ???? ??????????? ?????
??? ?????? ?????? ????????? ??? ?????? ??????
???????? ??? ???????? ?? ??????? ????? ??????? ???????? ???? ????? ???????? |φ| ≤ 1? ??????? ψ1+(M+2)ψ <
1?
??
???? ?????????? ???? ????? ??? ???????
?????? ?????????? ?????????
??? ?????????? ????? ???????? ???? ????? ??????? ??????? ??? ????????? ????? ????? ????????
∆Pt = ηt +
φψ














1 + (M + 2)ψ
)
ηt−2 ???????
????? ∆Pt ?? ??? ????? ?????? ???? ?????? t−1 ?? ?????? t? ηt ?? ??? ????? ????? ?????? ?? ??????????
????? ??? ?? ?????? t? ψ ≡ ρ/λd ?? ??? ????? ?? ??????????? ????? ?? ??????????? ?????????? φ ?? ???
?????????????? ????????? ?? ????????? ?????? ??????? ∆νt−1 ?? ??? ?????? ?? ??? ?????? ?????????????
?????? ????? ??? ????? ?????? ?? ???????? ????????? ?????? ???? ???? t − 2 ?? t − 1? ??? α ?? ???
????????? ??? ??? ?????? ?? ????? ???????? ????????? ????????? ??????????? ???? ?? ??????? ??????
??????????? ?????????????? ? ?????????? ψ = ρ/λd ??????? ρ ??? λd ??? ??? ??????????? ???????????
?????? ????????????? ?????? ????? ??? ????? ?????? ?? ???????? ????????? ?????? ??? ?? ??????? ??
νt−1 = φνt−2 +
1 + 2ψ
2 (1 + ψ)
ηt−1 ???????
??? ????????? M ?? ??? ??????????? ??????????? ??? ??? ???????? ?? ??? ????????? ??????????? ?
?????? M = 1? ???????? M = 1 ??????? ???? ??? ???????? ??????????? ?? ? ?????????? ?? ??????????
??????????? ????? ???? ????? M ??????? ?? ??? ??????????? ?? ??? ??????????? ?? ? ??????? M > 1?
????????? ?? α? φ? ?? ψ ????? ?????? ?? ??????? ???? ?????? ???????? ???????????? ???? ????????
???????? ?????? ???? ρ > 0? ? ?????? ??????? ????????????? ???? ?? ???????? ???? ????????? ?? ?????
???? ?????? ??? ???? ? ?????? ??????? ?? ??? ?????? ?????? ?? ??????????? ????? ??? ?????????????
??? ????????? ?? ???????? ?? α? ?? α ?? ????????? ?? ?? ??????? ???? ????? ???? ????? ???????
?? ??????? ???????? ????????? ??? ???? ????????? ??????????? ?? ????? ??????? ???????????? ?? α ??
????????? ?? ?? ???? ???? ????? ???? ????? ??????? ???? ???????? ????????? ???? ??? ?????????
??????????? ???? ????? ??????? ??????? ????????????
??? ?????????? ????? ??????? ???? ???????? ?????????? ??????? ??????? ??? ?????????? ??? ??????
??? ??????????? ??? ???????? ???????????? ??? ???????????? ? ?????? ???? ??? ????? ?????? ??
?????????? ????? ????? ηt? ??? ??????????? ??? ???????? ??????????? ???? ????? ????? ?? ?????
??
????? ηt ??? νt−1 ??? ??? ?????????? ????????? ? ?????? ???????? ???????? ??????? ?? ????? ???????
??????????? ??????? ? ???????? ???????? ??????? ?? ??????? ?????????? ??????????? ??? ??????????
????????? ???????? ?? ???????? ??? ?????????? α? φ? ??? ψ ???? ???????? ??? ?????????? ???? ???
?????? ????? ??????? ???? ???? ??? ????????? ???????????? ?? ηt? ????? ????? ??????? ??? ????????
??????????? ???? ??????????? ??????????? ????? ?? ? [∆Pt|η0, . . . , ηt−1] ???????????? ???????
??? ?????????? ????? ????? ?????? ??? ???????? ?? ηt ?? ??????? ?????????????????? ???? ????? ???????
?????????? ? ?????????? ???? ??? ???? ??????????????????? ??? ?????? ???????????? ?? ??? ??????????
????? ???? ??? ???????? ?? ηt ?? ??? ?????? ?? ????? ?? ?? ????????? ??????????? ???????? ? ????
???????? ??? ???????? ?? ηt? ??? ??????????? ? ?????? ???? ??? ???????? ?? ηt ??????? ? ???????????
??????????????? ??????????? ?????????????????? ??????? ??????? ???? ?????? ???? ??? ? ???????? ??
? ????? ???????? ??? ???????? ?? ? ???? ?????? ???????? ?? ??????????? ?? ??? ????????? ?? ??????
???? ???????????? ?? ???? ????????? ? ?????? ???? ??? ???????? ?? ηt? ??????? σ2η,t? ??????? ?????????
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????? b4 > 0 ?? ??? ??? ??????? ??????????? ??????????? ?????? ??? b5 ?? ????????????? ?????????????????
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??? ????????? ????? ????? ??????????? ?????????? ??? ??? ?????????? ?? ??? ?????????? ??????
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?2 ???????? ????? ?????
???? ???? ?????? ?????? ??????? ???????
∗∗∗p < 0.001? ∗∗p < 0.01? ∗p < 0.05
????? ?? ???? ?????? ?????????? ?? ????????? φ ??????????
????????? ?? ?????????? ??????? ????????? ?? ????????? ???????
????????? ???????? ? ∆φj,q ??? ???? ????? ????
∆φj,q−1 ????????? ????????? ????????? ?????????
??????? ??????? ??????? ???????
∆φj,q−2 ????????? ????????? ????????? ?????????
??????? ??????? ??????? ???????
????????? ????? ??????
??????? ???????
???????? ??????? ???? ?????? ?? ??? ?? ???
?2 ?????? ????? ????? ????? ?????
?2 ???????? ????? ?????
???? ???? ?????? ?????? ??????? ???????
∗∗∗p < 0.001? ∗∗p < 0.01? ∗p < 0.05
??
????? ?? ?????????? ???????????? ?? ????????? ??????????? ??? ??????? ??????
???? ????? ????????? ??? ??????????? ??????? ?????????? ???????????? ?? ????????? ??????????? ???
??????? ??????? ????? ?? ??? ?????????? ??? ???????? ??????? ?????? ??????? ?? ??????? ?????? ?

































????? ??? ????????? ???????? ?? ??? ??????? ??? ?? ????????? ????? ????????? ????? ?????? ???????
?? ??????? ?????? ???????????? ??? ϵj,q ?? ??? ????? ????? ??? ??????????? ????????? ???? ?????????
?? ??????????? ??? ??? ?????????? ?? ???? ????? ????? ?? ???? ??? ????????? ????? ?? ???? ???
??????????? ??????? ??? ??? ???????? ??????? ???? ?????? ??????? ??? ???????? ?? ??? ???????????
????? ?? ? ??? ??? ??? ???????? ?? ?????????? ????????? ?????? ?????? ? ????? ????? ??????? ??????
?? ??? ??????? ?? ??????????? ?????? ? ??? ??????? ?? ???? ?????? ???? ??? ???? ????? ??? ??????????
????? ???????? ???? b1 > 0? b3 > 0? b4 > 0? ??? b5 < 0?
???????? ?????? ??? ????????? ?? ??? ??? ???????? ???????? ??? ?????? ?? ??????????? ??????? ???
????????? ???????????











???? ???? ?????? ??? ???
???????? ??????? ???? ?????? ??? ???
?2 ?????? ????? ?????
?2 ???????? ????? ?????
???? ???? ??????? ???????
∗∗∗p < 0.001? ∗∗p < 0.01? ∗p < 0.05
??
?????? ?? ?????? ?????? ?? ? ???????? ?? ??????????? ????????? ??? ???????????
?????
?????? ?????? ???????? ??? ??????????? ?? ??? ???????? ????? ?? ??? ????? ????? ?? ?????????? ?????
????
??
?????? ?? ??? ?????????? ????? ?? ??? ????????? ??????????? ?????????? α? ?? ?
???????? ?? ??????????? ????????? ??? ??????????? ????? ???? φ = 0 ??? M = 0
??
?????? ?? ??? ?????????? ????? ?? ??? ????????? ??????????? ?????????? α? ?? ?
???????? ?? ???????? ????????? ?????? ?????? ??? ??? ?????? ?? ????????????
??
?????? ?? ???????? ????????????? ???????? ?????
??? ????????? ?????? ???? ? ???????? ????????????? ???????? ?????? ?? ? ???????? ?? ???????????
????????? ??????? ??? ??????????? ????? ??????
??
?????? ?? ?????? ???? ?? ???????? ???????? ???? ?????? ????? ?????????? ???????
??
?????? ?? ?????? ???? ?? ???????? ???????? ???? ?????? ????? ????????? ???????
??
?????? ?? ????????? ?? ???? ???? α ??????????? ?????????? ???????????? ?? ??????
???? ???????????? ???? ?????? ????? ?????????? ???????
??
?????? ?? ????????? ?? ????????? φ ??????????? ??? ?????????????? ????????? ??
????????? ?????? ??????? ???? ?????? ????? ?????????? ???????
??
?????? ?? ????????? ?? ???? ???? ψ ??????????? ??? ????? ?? ??????????? ????? ??
??? ?????? ??????? ???? ?????? ????? ?????????? ???????
??
?????? ??? ????????? ?? ???? ???? α ??????????? ?????????? ???????????? ?? ??????
???? ???????????? ???? ?????? ????? ????????? ???????
??
?????? ??? ????????? ?? ????????? φ ??????????? ??? ?????????????? ????????? ??
????????? ?????? ??????? ???? ?????? ????? ????????? ???????
??
?????? ??? ????????? ?? ???? ???? ψ ??????????? ??? ????? ?? ??????????? ????? ??
??? ?????? ??????? ???? ?????? ????? ????????? ???????
??
?????? ??? ?? ? ?????? ?? ????????? α ??????????? ?????????? ???????????? ?? ??????
???? ???????????? ???? ?????? ????? ?????????? ???????
??
?????? ??? ?? ? ?????? ?? ???? ???? ???? ???? φ ??????????? ??? ??????????????
????????? ?? ????????? ?????? ??????? ??????????? ????? ?????????? ???????
??
?????? ??? ?? ? ?????? ?? ????????? ψ ??????????? ??? ????? ?? ??????????? ????? ??
??? ?????? ??????? ???? ?????? ????? ?????????? ???????
??
?????? ??? ?? ? ?????? ?? ????????? α ??????????? ?????????? ???????????? ?? ??????
???? ???????????? ???? ?????? ????? ????????? ???????
??
?????? ??? ?? ? ?????? ?? ???? ???? ???? ???? φ ??????????? ??? ??????????????
????????? ?? ????????? ?????? ??????? ??????????? ????? ????????? ???????
??
?????? ??? ?? ? ?????? ?? ????????? ψ ??????????? ??? ????? ?? ??????????? ????? ??
??? ?????? ??????? ???? ?????? ????? ????????? ???????
??
?????? ??? ????????? ?? ???? ???? ?????? ??????? ??????????? ???? ?????? ?????
?????????? ???????
??
?????? ??? ????????? ?? ???? ???? ?????? ??????? ??????????? ???? ?????? ?????
????????? ???????
??
???? ?????????? ?????????? ?? ??? ?????????? ?????
?????? ??????????? ????????????????














⇒ 4λd (λd + ρ)2 + σ¯λd − 2 (λd + ρ) σ¯ = 0 ???????








σ¯ρ = 0 ???????
????? λd + ρ ???? ?? ???????? ?? ??????? ??? ???????? ?????????? ????? ???????????? ???????? λd
???? ?? ???????? ?? ??????? ???????? ???????? ????? ??? ???? ???? ???? ?????????? ?? ???????? ???????





= σ¯ ??? ρ ??? ???????? ???? ????? ?? λd ?? ???????? ???? ?????
?? ??????? ??? ????????? ?????????? ?? ??? ?????? ??????? ??????? ?????????
κu =
α− (λd + ρ)Mγu − λu
2 (λd + ρ)
=





2 (λd + ρ)
⇒ κu = (M + 1)α− λu
(M + 2) (λd + ρ)
???????
γu = − (λd + ρ)κu + λu






(M + 1) (λd + ρ)
⇒ γu = −α− λu
(M + 2) (λd + ρ)
???????
λu = −λd (κu +Mγu) = −λd
(
(M + 1)α− λu
(M + 2) (λd + ρ)
+M
( −α− λu
(M + 2) (λd + ρ)
))
⇒ λu = −λdα




− (λd + ρ) (Mγφ + φ)− λφ











2 (λd + ρ)
⇒ κφ = − (λd + ρ)φ+ λφ
(M + 2) (λd + ρ)
???????
γφ = − (λd + ρ) (κφ + φ) + λφ








(M + 1) (λd + ρ)
γφ = − (λd + ρ)φ+ λφ
(M + 2) (λd + ρ)
???????
λφ = −λd (κφ + φ+Mγφ) = −λd
(
φ− (M + 1) (λd + ρ)φ+ λφ
(M + 2) (λd + ρ)
)
⇒ λφ = −λd (λd + ρ)φ
λd + (M + 2) ρ
???????
κE =
1− (λd + ρ)MγE − λE
2 (λd + ρ)
=
1− (λd + ρ)M 1−(λd+ρ)κE−λE(M+1)(λd+ρ) − λE
2 (λd + ρ)
⇒ κE = 1− λE
(M + 2) (λd + ρ)
????????
γE =
1− (λd + ρ)κE − λE
(M + 1) (λd + ρ)
=
1− (λd + ρ) 1−(λd+ρ)MγE−λE2(λd+ρ) − λE
(M + 1) (λd + ρ)
⇒ γE = 1− λE
(M + 2) (λd + ρ)
????????
⇒ λE = 1− λd (κE +MγE) = 1− λd (M + 1) 1− λE
(M + 2) (λd + ρ)
⇒ λE = 1 ????????
????????? ?? ??? ???????? ?????????? ?????? ?????????
κu =
(M + 1)α− λu
(M + 2) (λd + ρ)
=
α (λd + (M + 1) ρ)
(λd + ρ) (λd + (M + 2) ρ)
????????
??
κφ = − (λd + ρ)φ+ λφ
(M + 2) (λd + ρ)
= − φρ




3 (λd + ρ)
= 0 ????????
????????? ?? ??? ???????? ????????????? ?????? ?????????
γu =
−α− λu
(M + 2) (λd + ρ)
=
−αρ
(λd + ρ) (λd + (M + 2) ρ)
????????
γφ = − (λd + ρ)φ+ λφ
(M + 2) (λd + ρ)
= − φρ




(M + 2) (λd + ρ)
= 0 ????????
?????? ???????? ?????????? ????????? ?? ??????? ?? ????????? ???????????
??? ???????? ????????? ??? ????? ?? ????????? ??????????? ??????? ??????? ?? ???????????? ???











































2 (λd + ρ)
vt +
α (λd + (M + 1) ρ)
(λd + ρ) (λd + (M + 2) ρ)
ut−1 − φρ





4 (λd + ρ)
σ2v,t −
ρ
(λd + (M + 2) ρ)




F (α,φ) =? [(αut−1 + φνt−1) (α (λd + (M + 1) ρ)ut−1 − φρνt−1)]
]














? [ut−1νt−1] = λd (λd + 2ρ)





? [ν2t−1] = φ2? [ν2t−2]+ (λd + 2ρ)2






? [η2t−1] = 14σ2v,t−1 + (λd + ρ)2 σ2ζ,t−1 ????????
????? ?? ???????? ?????????? ???????? ?????? ???????? ?? α2 ?????????? αφ ?????????? ??? φ2 ??????????
?? ????????? ?? M ?????????? ??? ????? ?? α ̸= 0 ??? φ ̸= 0 ?? ?? ???????? ?????????? ???????? ??????
?????????? ??????? ???????? ???????????? ?????? ??? ????? ?????? ?? ??????? ?? ????????? ????????????
???????? ??????? ?? ????????? ??????????? ???????? ???? ?? ???????? ?????????? ???????? ???????
??? ???????? ?????? ??? ??? ??????????? ????????? ??????? ??? ???????? ?????? ??? ???????? ??
0 < ?
[(







? ??? ???????? ???????? ?? ?? ????????? ??? ????? ?? ??????????? ??? ??? ?????????? ????? ?? α ????
??????? ?????? ?? ρ? σ¯? φ? ??? M ? ????? ?? ???????? ?????????? ???????? ?????? ??? ?????????? ?? φ2?
? ????? ??? ??? ??????? ?????????? ????? ?? α ?? ???????? ? [ν2t−2] = 0? ???????? σ2v,t = σ2v,t−1?
??? ???????? ???????? ??? ???? ???????? ?????? ??
(λd + ρ)





4 σ¯ + (λd + ρ)
2
) =4α2λ2d (λd + (M + 1) ρ)
+ 2αφλd (λd +Mρ) (λd + 2ρ)− φ2ρ (λd + 2ρ)2 ????????
??
?? φ = 0 ??? M = 0? ??? ??? ??? σ¯ ∈ [0.01, 3] ??? ρ ∈ (0, 3]? ?? ???????? ???????? ????? ????????
???????? ?????? ?? |α| < 2.00? ? ???? ??? ?????????? ?????????? ????? ?? α ?? ? ???????? ?? σ¯ ??? ρ ????
φ = 0 ??? M = 0 ?? ?????? ?? ?? ????????? ???? ?????????? ????? ?? α ?? ????????????? ?? ρ ??? λd?
??? ????????? α ?? ?????????? ?? ρ ???? ρ ?? ?????????? ???? ?????????? ?? ρ ???? ρ ?? ??????????
????? ?????????? ?? σ¯ ???? ρ ?? ?????????? ???? ??? ?????????? ?? σ¯ ?? ρ ?? ?????????? ?????
?? φ ????????? ?? M ?????????? ??? ??????? ?????????? |α| ?????????? ?? ?????? ?? ? ???? ??? ??????
???????? ?????????? α ?? ? ???????? ?? φ ??? M ??? ??? σ¯ ∈ [0.01, 3] ??? ρ ∈ (0, 3] ?????? ??? ???????
????? ?? ?????? ? ?? ? ???????? ?? φ ??? M?? ??? ??????? ????? ?? ???? ????? ??????? ???? φ = 1
??? M = 0? ???? φ = 1 ??? M = 0? ?? ???????? ???????? ????? ???????? ???????? ?????? ?? ????
?? |α| < 1.77?
?? ???????? ???????? ?? ???????? ???????? ????? ????????? ???????????? ?? ????? ????? ???? ????????
???????? ?????? ?? ???? ?? ??? ???????????? ???????? ?? ??? ??? ???????
?????? ???????? ????????????? ???????? ??????







V˜ − P˜t|yt, Ht−1
])]
????????
???? ???????? ??????????? ??????? ??? ?????? ????????? ??
yt = − αρ
(λd + ρ) (λd + (M + 2) ρ)
ut−1 − φρ















λd + (M + 2) ρ
ut−1 +
(λd + ρ)φ















(λd + (M + 2) ρ)























? [η2t−1]+ φ4? [ν2t−2] ????????
??? ? [η2t−1] = 14σ2v,t−1 + (λd + ρ)2 σ2ζ,t−1?
? ???????? ??????????? ????? ???????? ???????? ?????? ?? ρ ̸= 0 ??? ?????? α ̸= 0? φ ̸= 0? ?? ?????
??? ???????? ?????? ???????? ?? α2 ?????????? φ2 ?????????? ??? αφ ?????????? ?? ????? ?? ??????
?? ? ???????? ????????????? ???????? ?????? ??? ????????????? ?? ??????????? ?????????? σ¯? ???
??????????? ?????? ρ? ???? ???? ?????? ?? ??????????? ?????? ? ???????? ????????????? ???????? ??????
???????? ?? ??????????? ????????? ?????????? ?? ??? ?????? ?? ??????????? ????? ??? ???? ?????? ??
??????????? ?????????? ? ???????? ????????????? ???????? ?????? ???????? ?? ??????????? ?????????
?????????? ???? α = 0? ? ???????? ????????????? ???????? ?????? ???????? ?? ??????????? ?????
????????? ???? α > 0? ? ???????? ????????????? ???????? ?????? ???????? ?? ??????????? ????? ????????
???? ??????????? ????? ??? ???? ??? ? ???????? ????????????? ???????? ?????? ???????? ?? ???????????
????? ???????? ???? ??????????? ????? ??? ????? ???????? ?????? ??? ? ?????? ???????? ??????????? ???
?????????? ?? M ? ??? ????? ???????? ?????? ??? ??? ???????? ???????????? ??? ?????????? ?? M ?
?????? ??????????? ?? ??????? ?????? ?? ??? ???????????? ?? ????????? ??????????? ???
???????? ????????? ?????
???????? ??????? ?????? ??
? [|xt|+M |yt|+ |zt|] ∝ ??? (xt) +M??? (yt) +??? (zt) ????????




2 (λd + ρ)
vt +
α (λd + (M + 1) ρ)
(λd + ρ) (λd + (M + 2) ρ)
ut−1 − φρ





4 (λd + ρ)
2??? (vt) +
(













(λd + (M + 2) ρ)





???????? ???????? ????? ???? ??? ???????? ?? ???????? ????? ?? ?????????? α2? ?????????? ?? φ2? ???
??
?????????? ?? αφ?




(λd + ρ) (λd + (M + 2) ρ)
ut−1 − φρ




ρ2 (αλd + φ (λd + ρ))
2
(λd + ρ)







(λd + (M + 2) ρ)





???????? ???????? ????? ???? ??? ???????? ?? ???????? ????????? ?????? ?? ?????????? ?? α2? φ2? ???
αφ?




???????? ???????? ????? ???? ??? ???????? ?? ????????? ????? ?? ?????????? ?? φ2?
????? ??? ???????? ???????? ??? ??? ???????? ???????????? ????? ??????? ???? ????? ???? ?? α2
?????????? ??? ??? ???????? ???????? ??? ??? ???????? ???????????? ????? ??????? ??? ????????? ??????
???? ?? φ2 ?????????? ????? ??????? ?????? ?? ?????????? ?? α2? φ2? ??? αφ? ?? ???????? ???????
?????? ?? ?????????? ?? α2? φ2? ??? αφ?
???? ?????????????? ?? ??????? ?? ? ?????????? ???? ?????? ????? ???? ??????????? ?????
?????? ?????
??? ????????? ????? ??????? ??? ?????????? ??????? ????? ?? ???? ?????? ?? ????? ??? ???????????
?????? ??? ????????? ?? ???? ??????? ?? ?? ??????????? ???? ? ???? ?????? ????? ???? ??????????
??????????? ??? ??????????? ????? ?????? ???? ???? ?? ???????? ?? ????????
? ?????? ???? ??? ????? ????? ??? ???????? ????? V˜ ∼ N (0,σ20)? ??????? ?????? ?? ?????? t = 1, 2?
?? ??? ??? ?? t = 2? ??? ????? ????? ??????????? ??? ????????? ?????? ?? ???? ?????? t ??????? ?
?????? ?????? ????? z˜t ∼ N
(
0,σ2z
) ????? z1 ??? z2 ??? ????????????? ???????????? ??? ????????
???????? ????? V ? ??? ??????? xt ?????? ?? ????? t = 1, 2 ?? ???????? ???????? ?????? ???? ???
??
????????? ?????? ?? ??????











????? Dt = xt+zt ??? ρ ≥ 0? ?????? ??? ??????? ?? ??? ??????? ?????? ??? ??? ?? ?????? ???????????
????????? ??? ??????? ?? ????? ????
?????? ??????????? ????????????????
? ????? ?? ????????? ??????????? ????? ??? ?????????? ?? ????? ????? ??? ???????? ?????? ??? ?? ???
????????? ?????? ?????? ????? ????????





+ λd,2D2 + ρD2 ???????
???????? ?????? ????????






























⇒ 0 = V −
(




⇒ x2 = 1






























x1 (V − λ0,1 − (λd,1 + ρ)x1)
+
1
4 (λd,2 + ρ)
(V − λ0,2 (λ0,1 + λd,1x1))2
}
⇒ 0 = V − λ0,1 − 2 (λd,1 + ρ)x1 + −λ0,2λd,1
2 (λd,2 + ρ)
(V − λ0,2 (λ0,1 + λd,1x1))
⇒ x1 = −
2 (λd,2 + ρ)− λ20,2λd,1
4 (λd,2 + ρ) (λd,1 + ρ)− λ20,2λ2d,1
λ0,1 +
2 (λd,2 + ρ)− λ0,2λd,1
4 (λd,2 + ρ) (λd,1 + ρ)− λ20,2λ2d,1
V ????????
?? ??????? ????? ?? ??? ????????? ???????????? ??? ?????????? ?? ??? ???????? ?????? ????????? ????
????????
κ0,2 = κV,2 =
1
2 (λd,2 + ρ)
????????
κV,1 =
2 (λd,2 + ρ)− λ0,2λd,1
4 (λd,2 + ρ) (λd,1 + ρ)− λ20,2λ2d,1
????????
κ0,1 = −
2 (λd,2 + ρ)− λ20,2λd,1
4 (λd,2 + ρ) (λd,1 + ρ)− λ20,2λ2d,1
λ0,1 ????????











































D1 + ρD1 ????????
??



















λ0,1 = 0 ????????

































































??? ????? ???? ???? ?? ???? ?????????? ?? ?????????? ?? λd,1? ????? λd,1 > 0 ?? ??????? ???? ?????????
????? ???? ?????????? ??? ??? ???? ???? ??? λd,1 ?? ????? λd,1 ≥ −ρ ??? λd,1 > 0?
????? ???? ????????? ???????? ?????? ?? t = 1 ??? t = 2 ??
x1 =
1
































??? ?????? ????? ???? ????? ????? ??? ????????
P1 = (λd,1 + ρ)D1 ????????




= (λd,2 + ρ)D2 + λd,1D1 ????????
????? λd,1 ??? λd,2 ??????? ????????? ???????? ??? ?????????
??? ???????? ???????? ??????? ??? ?????? ????????? ???
x1 =
2 (λd,2 + ρ)− λd,1











?????? ?????????? ?? ????? ???????
? ??????????? ???? ? [P2 − P1|P1] ∝ −P1 ???? ρ > 0 ??? ∂∂ρ? [P2 − P1|P1] ∝ −P1? ????? ???
???????? ???????? ?? ??????? ?? ?? ????????? ??? ?????? ?? ???? ????? ?? ????? ??????? ??? ?????????
??????????? ????????? ??????? ??? ??? ??? ?????? ?????? ??? ???????? ?????????? ?????? ??????
????????? ??? ?? ?????????? ???
























= 0? ????? ??? ?????? ??????? ??????? ??????????
P2 − P1 = −ρD1 + (λd,2 + ρ)D2 ????????






? [P2 − P1|P1] = − λd,1
(λd,1 + ρ)
2P1 ????????
????? ? ?????????? ??????? ???? ?????? ????? ???? ??????????? ????? ???????? ???? ????????? ??
??????? ??? ?????? ???? ???? ?? ?????????
??
??????? ? ? ??????????????? ???????
??? ????? ??????? ???????? ? ??????????? ??????? ?? ?????????? ???????????? ?? ????????? ??????
??????? α? ???? ?? ????????? ?????????? ???? ??????????? ????????? ??? ??????????? ?????? ????? ?
?? ??? ??????? ??? ??????? ???????? ?? ??? ???????? ????????? ??? ????? ?? ??????????? ???? ???? ???
???????? ???????? ????? ??????? ??????????? ?????????? ????????? ?? ?????????? |α| ?? ???????? ????????
???????????? ??????? ???? ?????? α ̸= 0? ?? ???? ???????? ? ??????? ??????? ?????????? ????????????
?? ????????? ??????????? ?? ?????????? ???? ??????????? ?????????? ????????? ?? ?????????? ??????
?????? ???????? ???????????? ?????? ???? ?????? α ̸= 0??
??? ???????????? ?? ??????????? ????? ?????? ?? ??????????? ?????????? ???????? ?? ????? ??? ????????
???? ??? ???? ??? ???????????? ???? ????? ??? ??????? ??????? ??? ????? ?? ???? ??? ???? ???
??? ??????????? ?????????? ???????? ???? ?????????? ?? ??????????? ???????? ??? ???? ????????? ??
??????????? ???????????? ?? ???? ??? ?????? ??????? ?????????? ??????????? ?? ?????? ??? ????????
??????? ??? ??????????? ????????? ?? ????? ??????? ??? ????????? ?????? ?????? ?? ??????????
?????? ??????????? ??? ???????? ?? ??????????? ??????????? ? ??????? ??? ???? ??? ???? ???????? ???
???? ??? ???? ??? ??????????? ?? ? ?????? ?? ?????? ???????? ??? ??????? ???? ?????????? ?? ???????
??? ??? ???????? ????? ?? ???????? ???? ??? ??????????? ?? ? ?????? ?? ??? ??????? ??????? ???? ??
??? ?????? ?? ???? ?????? ??? ??????? ?????? ??????? ??? ????? ???? ??????? ??????? ??? ????? ????
????? ??? ???? ??????????? ?? ?????? ?? ???? ???????? ???? ??? ??? ??????? ?????? ??????? ?????????
?? ??? ???????????? ?????????? ??? ? ?????? ?? ????????? ??????? ??? ???? ????????? ????????? ?? ???
???????????? ?????????? ??? ??? ????????? ????? ?? ??? ??????? ???????? ?? ???????? ????? ??? ????
????????? ????? ?????????? ?? ??? ??????? ??????? ??? ????????? ??????????? ??? ????? ??? ?????????
????? ??? ????????? ???????????? ?????? ???? ??????????? ????? ??????? ?????????? ????? ?????? ??
????? ?????? ?? ?????????????? ??? ????????? ??????????? ????????? ???? ??? ??????? ???????????
????????? ?? ?????????? ??????? ?? ???????? ?????????? ??????? ???????? ????? ?? ?? ??? ?? ? ???????
?????? ?? ?? ??? ?????? ?????? ??? ???? ??????? ??????????? ??????? ???? ??? ?????? ????? ????
?? ??? ????? ????? ????????? ????? ????? ????? ?????????? ?????????? ?? ????? ??????????? ??????????
??????? ?? ? ?????? ??? ?? ????? ?? ???????? ???? ???????????? ???????????? ???????? ??????? ???
????? ?????? ???????? ?? ??????????? ?? ????? ?? ???????? ???? ??? ???? ??? ??????????? ??????????
??????? ?????????? ??????? ?? ?????? ??? ??????????? ?????????? ??????? ???? ??? ???????? ?? ???????????
? ????? ?????????? ??? ???????? ???????? ???????????????? ?? ??????????? ???????? ????????? ?? ??? ???
??
??????? ??? ?????????? ????????? ?? ??? ????? ???? ????? ??? ???????? ???????? ?? ??????????? ??????
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????? POt − PCt−1 ?? ??? ????? ?????? ???? ??? ??????? ????? ?? ??? t − 1 ?? ??? ??????? ????? ?? ??? t?
PCt − POt ?? ??? ????? ?????? ???? ??? ??????? ????? ?? ??? ??????? ????? ?? ??? t? ψ ?? ??? ????? ?? ???????
????? ?? ??????????? ?????????? ??? α ?? ??? ?????? ?? ????? ???????? ????????? ????????? ??????????? ????
?? ??????? ?????? ??????????? ?????????????? ??? ????????? ?? ????? ????? wt ??? ηt ??? ??????? ?? ??????
??? ????? ????? ????????? gt = γ0 + γ1w2t−1 + γ2g2t−1 + γ3η2t−1 ??? ht = β0 + β1η2t−1 + β2ht−1 + β3w2t ?
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?????????? ???????????? ??
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?????? ??? ?????? ???? ?? ???????? ????
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? ??? ??? ?????? ?????? ?? ??? ?????? ??????? ?? ???? ??????? ??? ???? ?????????? ??? ????????
?????????? ?????? ????? ??????? ?? ??? ???????? ?????? ???? ?????? ?? ????? ???? ????? ?????????
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α? ??? ????? ????? ???????????????? Pilotj ?? ?? ????????? ???????? ???? ?????? ??? ?? ??? ??? ???
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Pilotj × PilotPeriodq ????????? ???????
??????? ???????
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??????? ???????
???? ???? ?????? ??? ???
???????? ??????? ???? ?????? ??? ???
?2 ?????? ????? ?????
?2 ???????? ????? ?????
???? ???? ?????? ??????
∗∗∗p < 0.001? ∗∗p < 0.01? ∗p < 0.05
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q−1 + ϵj,q ???????
???
????? ∆αj,q = αj,q − αj,q−1 ?? ??? ?????? ??? ????????? ???????????? ????????? ??? ??? j ????
??????? q − 1 ?? q? RS?Pq ?? ??? ????? ?????? ?? ??? ??? ??? ??? ????? ?? ??????? q? RIndq ?? ???
?????????????? ?? ? ????? ???????? ?? ???????? ?? ??? ????? ?????? ?? ??? ??? ??? ????? ?? ???????
q? ???? RFirmq ?? ??? ?????????????? ?? ? ????? ????? ????? ?? ???????? ?? ??? ???????? ?? ???????
q? ?? b2 > 0? b4 > 0? ?? b6 > 0? ???? ????? ?? ?????????? ???? ?????????? ???????????? ?? ?????????
??????????? ????????? ???????????????? ?????
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σ¯ρ = 0 ???????
?? ????? λd > 0 ≥ −ρ?
?????? ?????????? ?? ????? ???????
????????? ????? ??????? ?????? ??? ????????
POt − PCt−1 = −ρDt−1 + wt ???????
???????? ????? ??????? ?????? ??? ????????
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